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ABSTRACT 
Petrology of Pliocene(?) Basalts of Curlew 
Valley (Box Elder Co.>, Utah 
by 
Steven Brent Kerr, Master of Science 
Utah State University, 1987 
Major Professor: Dr. Donald W. Fiesinger 
Department: Geology 
Basalt outcrops in Curlew Valley consist of 
vii 
several 
flow remnants and eruptive centers situated along the valley 
margins. Basalt is also found in association with salic 
rocks that erupted in the cent r al portion of 
The basalts are of probable Pliocene age and 
the v alley. 
were erupted 
during a period of active extensional tectonics. Since 
their emplacement, 
and downfaulted. 
the basalts have been extensively eroded 
The present morphology reflects the ero-
sional and depositional processes of prehistoric Lake Bonne-
vil l e. 
Twelve samples were analyzed chemically for major 
oxides, trace elements, and rare-earth elements. The ba-
salts form a hypersthene normative series ranging from oli-
vine tholeiite to tholeiite. Based on chemical data, the 
basalts form three distinct groups. Comparison of the major 
oxides shows two of the groups forming a differentiation 
viii 
sequence separate from the third group. Trace element and 
rare-earth element data indicate that the three chemical 
groups are related to a common source but that two batches 
of magma probably emanated from this source. 
Pyrolite, spinel lherzolite, and garnet lherzolite were 
evaluated as hypothetical mantle materials from which a 
parent magma might be derived through partial melting. Based 
on rare-earth element profiles, garnet lherzolite appears to 
be the most likely source material for deriving the basalts. 
The trace element and rare-earth element data do not show 
any anomalies that would suggest contamination from crustal 
material. 
Comparison of chemical data shows that the Curlew Val -
l ey basalts are genetically similar to basalts from the 
Kelton and Rozel Point-Black Mountain areas, southwest and 
southeast of the study area, respectively. The Curlew Val-
ley basalts are chemically similar to olivine tholeiites 
from the Snake River Plain and Blackfoot Reservoir areas in 
Idaho, but they do not show much similarity to basalts near 
Snowville, Utah, northeast of the study area. The Curlew 
Valley basalts are generally more iron rich and less alkalic 
than other basaltic rocks from the eastern Basin and Range 
Province. 
(84 pages> 
INTRODUCTION 
General Statement 
Curlew Valley is one of many areas in the Basin and 
Range Province that experienced bimodal volcanism during 
Late Cenozoic time. Basalts are the dominant lithology in 
Curlew Valley, and are the focus of this study. The basalt 
outcrops represent several flows and eruptive centers sit-
uated along the valley margins and they are also associated 
with salic rocks that erupted in the central portion of the 
valley. 
The objectives of this study are: 1) to determine the 
field relationships of the basalt outcrops and collect rep-
resentative samples; 2) to determine the petrographic and 
chemical characteristics of the different basalt units; 3) 
to determine the stratigraphic and eruptive sequences of the 
basalt units; 4) to assess the petrochemical relationships 
among the basalts and the salic members of the bimodal 
the Curlew complex; 5) to compare the petrochemistry of 
Valley basalts with other volcanic rocks in the region; and 
6) to determine the petrogenesis of the basalts. 
The 
Curlew 
County, 
Location and Accessibility 
study area is located in the southern half of 
in the north-central portion of Box Elder Valley 
Utah (Figure 1). The eastern margin of study area 
z::c: 
... 
. ,:, ::, 
0 
! 
~' 
.... ; l ~ jl 
i 
. I 
I 
~---1 I 
I 
,-M 
![ 
o l ;: 
I 0 
I ' 
' I ,* % 
~ ~ 
;. 
:] 
~ 
, 
.! 
~ 
(1J 
C 
.... 
..... 
'U 
(1J 
.c 
Ill 
ra 
'U 
>-
.0 
'U 
(1J 
C 
.... 
..... 
.µ 
::, 
0 
ro 
(1J 
I.. 
ra 
>-
'U 
::, 
.µ 
lfl 
4-
0 
a. 
ro 
E 
X 
(1J 
'U 
C 
..... 
.... 
QJ 
I.. 
::, 
(JI 
.... 
~ 
2 
3 
is approximately 153 km (95 mil northwest of Salt Lake City, 
Utah and 3.2 km (2.0 mil west of Snowville , Utah. State 
Highway 30 transects the study area with additional access 
provided by a few improved roads and several unimproved 
2 
ranch roads. 
2 
The study area covers approximately 1114 km 
C 430 mi and is confined by the Hansel Mountains to the 
east and by the Raft River Mountains to the west. The Utah-
Idaho border and the Great Salt Lake form the north and 
south constraints respectively. 
Previous Investigations 
Brief reference to the volcanic rocks found in Curlew 
Valley is contained in a geological report o f Bo x Elder 
County, Utah < Doe 1 1 i n g , 1980) . An additional brief refer-
ence to the basalt outcrops in the southwest portion of the 
study area was made by Felix (1956). Voit <1985) studied 
the petrology and mineralogy of the volcanic rocks west and 
southwest of Kelton, Utah. A previously unanalyzed sample 
collected by Vo i t has been analyzed and incorporated into 
this study. There are two studies on the volcanic rocks of 
the Wildcat Hills. Howes (1972> studied the petrography of 
the Wildcat Hills and mapped the area at a scale of 
1: 12,000. A petrologic study of the bimodal volcanism of 
the Wildcat Hills was performed by Shea (1985). Shea in-
eluded three basalt samples in his study. One is from the 
south side of the Wildcat Hills, the second from Cedar Hill, 
and the third from an outcrop in the southwestern portion of 
4 
These three outcrops are included in this Curlew Valley. 
study as well. Volcanic rocks north and northeast of Curlew 
Valley 
Wang 
in the vicinity of Snowville, Utah were studied by 
< 1985 > • Greenman (1982) studied the petrology and 
mineralogy of the volcanic rocks in the Rozel 
Mountain area, southeast of the study area. 
Point-Black 
Baker < 197 4) evaluated the water resources of Curlew 
Valley. Included in his study are drilling logs of various 
water wells in the valley. A water-chemistry study evalu-
ating the low-temperature geothermal potential was performed 
by Davis < 1984 > • 
A regional gravity map (Cook et al., 1964) encompasses 
Curlew Valley west of longitude 112°45' West. Another re-
g i onal gravity map that covers the eastern part of Curlew 
Valley was compiled by Peterson (1973). 
The basalts in Curlew Valley are included on two re-
gional maps showing distribution of volcanic rocks (Jeness, 
1984; Smith and Luedke, 1985). The larger basalt outcrops 
in the area are also identified on regional geologic maps 
<Doelling, 1980; Stokes, 1963; and Hintze, 1980). 
5 
GEOLOGIC SETTING 
The study area lies along the eastern margin of the 
Basin and Range Province. The extensional tectonic frame-
work and a thin crust of 35 km that characterize the region 
provide the necessary setting for the extrusion of volcanic 
rocks in the area (Christiansen and Lipman, 1972; Smith, 
1985 > • 
trending 
The region 
fault-block 
displays typical north-to-northeast-
structures with the exception of the 
Raft River Mountains. The Sevier Rift Zone <Smith and 
Luedke, 1984) trends northward in western Utah, through 
Curlew Valley, there trending northeastward into Idaho where 
it intersects with the Snake River Plain. The Sevier Rift 
Zone is characterized as a zone of potentially active vol-
canic lineaments and loci that have shown a northeast direc -
tion of migration (Smith and Luedke, 1984) . The volcani c 
outcrops in Curlew Valley show a general linearity corre -
spending to the north-to-northeast structural trend of the 
region. 
The study area is in a high-heat-flow region of 90 - 100 
-2 
mW m (Sass and Lachenbruch, 1979) . Coyote Hot Spring 
is located in the north-central portion of the 
study area. Baker (1974) has suggested that a deep, hot, 
Curlew saline reservoir exists under the western portion of 
Valley, 
suggested 
source for the Coyote Hot Spring. He has further 
that the heat source for the saline reservoir is 
provided by a young intrusive body or by deep circulation of 
6 
water. The Raft River Known Geothermal Resource Area is 
located 56.6 km (35 mi) northwest of the study area. 
The active Inter-mountain Seismic Belt extends northward 
in nearby Hansel Valley, east of the study area. Two magni-
tude 6 earthquakes occurred in Hansel Valley in 1909 and in 
1934 (Ar-abasz and Smith, 1979). Fault scarps on the east 
side of Curlew Valley exhibit Quaternary offset <Cress, 
1983 > • 
Curlew Valley forms a graben bounded by high-angle 
normal faults on the east side along the Hansel Mountains 
and by a deep, sediment-filled trough on the west side along 
the Raft River Mountains (Baker, 1974) • The north-trending 
Sublett, Black Pine, and Deep Creek mountains form the 
northern border of the valley in Idaho. The Great Salt La k e 
for-ms the southern boundary of the valley. Precambrian and 
Paleozoic rocks make up most of the bounding mountain 
ranges. Tertiary and Quaternary rocks are exposed along the 
foothills and make up most of the valley fill. 
Rocks of Precambrian age are found in the Raft River-
Mountains (Doelling, 1980 > • The Precambrian rocks in the 
eastern part of the mountain range are mostly dark-brown 
mica schists and metaquartzites that range in color from 
white, to pale green, to various shades of pink and purple. 
The Precambrian rocks are unconfor-mably overlain by a thrust 
sheet of Paleozoic roe ks. Limestones, dolomites, and 
quartzites make up most of the Paleozoic rocks exposed along 
the east side of the Raft River- Mountains. 
7 
The Hansel Mountains on the east side of the study area 
consist of rocks belonging to the Mississippian-to-Permian-
age Manning Canyon Formation and to the Pennsylvanian-to-
Permian-age Oquirrh Formation. The Manning Canyon Formation 
is exposed in the northeastern part of the Hansel Mountains 
and consists of black shales and green to br-own quar-tzites. 
Over-lying the Manning Canyon For-mation and making up the 
rest of the Hansel Mountains are limestones, sandstones, and 
orthoquar-tzites belonging to the Oquirr-h Fo,mation. The 
Oquirrh For-mation also crops out within Curlew Valley on the 
south side of the Wildcat Hills and as a small exposure near 
Curlew Junction. 
Deposits belonging to the Salt Lake Gr-oup of Tertiary 
age are exposed along the foothills of the Raft River Moun-
tains and along five terrace-shaped hills in the northeast-
er-n part of the study area. The Salt Lake Group is an 
assemblage of tuffs, tuffaceous sandstones, shales, conglom-
erates, and lacustrine limestones. 
Quater-nary deposits and landforms of prehistoric 
Bonneville cover most of Curlew Valley and much of 
Lake 
the 
surrounding foothills. Gravel deposits in the form ofter-
races, bars, and spits flank the mountains that surround the 
valley and the hillsides within the valley. The gravel 
deposits consist of metaquartzite, schist, and 1 i mes tone 
fragments, derived from the adjacent mountain slopes, in a 
loamy matrix. Thick accumulations of silt and clay depos-
ited by Lake Bonneville cover most of the valley floor. 
8 
The Tertiary and Quaternary deposits form thick accumu-
lations of valley fill that exceed a thickness of 1045 min 
the northern and western portions of the valley (Baker-, 
1974 > • Three exploratory wells drilled by the Utah Southern 
Oil Company, located north of the Wildcat Hills, encountered 
valley fill r-anging from 153 m to 1350 m thick befor-e 
r-eaching the under-lying Paleozoic r-ocks (Peace, 1956). 
A bimodal suite of volcanic r-ocks makes up the Wildcat 
Hills in the centr-al por-tion of the study ar-ea. Ex tr-us ions 
in the southern and wester-n par-ts of the Wildcat Hills 
consist of a basal ash sheet over-lain by coalescing rhyolite 
domes. 
color-ed 
The eastern part of the hills is dominated by dark-
flows identified as andesite by Howes (1972). The 
dark-color-ed flows have since been reclassified as rhyo-
dacite based on chemical analyses (Shea, 1985 > • Basalt 
er-ops out on the south side of the Wildcat Hills and has 
been included in this study. A semiconcentr-ic fr-actur-e zone 
is displayed in the inner- ar-ea of the hills, outlined by 
per-lite dikes and flows. Shea (1985) has proposed that the 
suite of volcanic r-ocks was der-ived through the bimodal 
par-ti al melting of a gr-anitic basement dr-iven by basaltic 
under-plating and extensional tectonics. 
The basalt outer-ops of this study are scatter-ed 
thr-oughout the southern half of Curlew Valley. Thr-ee volca-
noes compr-ise the basalt outer-ops in the southeaster-n por--
tion of the valley. The three volcanoes appear to be 
aligned with the nor-th-to-nor-theast str-uctur-e of the Hansel 
9 
Mountains. The other basalt outcrops in the study area form 
caprock on isolated buttes, ridges, escarpments, and 1 ow-
lying hills. The outcrops represent remnants of flows and 
eruptive centers. Most stratigraphic contacts of the basalt 
outcrops 
processes 
south of 
are obscured by the erosional and depositional 
of Lake Bonneville. Outcrops located north and 
the Wildcat Hills appear to be aligned par al 1 el 
with a north-trending fault in the Wildcat Hills mapped by 
Howes ( 1972). The outcrops of the southwestern portion of 
the valley are situated on the north-trending sediment-
filled 
1 ey. 
trough that extends along the west side of the val-
The basalt outcrops in the study area represent only a 
small fraction of the numerous lava flows that once extended 
across the valley. Drilling records for 33 water wells 
<Baker, 
dr i lled 
1974) and two exploratory wells <Peace, 
i n Curlew Valley show numerous sequences of 
1956) 
basalt 
in the upper valley fill. The subsurface basalts are 1 m to 
87 m thick and range from black massive basalt, to weathered 
lava and brown cinder. As many as seven basalt units have 
been encountered in individual wells. The subsurface ba-
salts occupy several horizons, and are interbedded with 
gravel, clay, limestone, and tuff. Only a few of the sub-
surface units can be stratigraphically correlated among the 
wells. For the most part, subsurface basalts appear to 
represent many small separate flows. Lava flows have not 
been encountered in any of the wells drilled in the Idaho 
10 
portion of Curlew Valley. 
Judging from the drilling records and from the apparent 
structure and topographic horizons that the volcanic 
crops now occupy, it appears that most of the basalt 
cut-
out-
pourings in Curlew Valley have been downfaulted and covered 
with Tertiary and Quaternary sediments. 
No age dates are available for the Curlew Valley ba-
salts but volcanic activity is believed to have started in 
the Pliocene Epoch. AK - Ar age of 3.4±0.2 m.y. has been 
obtained for a basalt outcrop (Todd, 1 983) 10 km ( 6. 21 mi ) 
south of the study area near Peplin Mountain. As discussed 
in the following sections, the basalts located south of the 
study area, henceforth known as the Kelton area, are geneti-
cally similar to the Curlew Valley basalts. A second age 
date of 3 .2±0.2 m.y. has been obtained from the rhyolite of 
the Wildcat Hills (Smith et al., 1978) . Basalt flows that 
crop out north of Curlew Valley near Malta, Idaho are found 
overlying 
Formation 
outcrops 
latite flows which in turn overlie the Payette 
of Tertiary age (Anderson, 1931). Two of the 
in the study area (Pages 18 and 24) overlie rocks 
that are believed to be part of the Salt Lake Group of 
Tertiary age. Whether or not volcanic activity in Curlew 
Valley extended into the Quaternary is not known, although 
one outcrop in the study area has a very youthful appearance 
(Page 16). 
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GEOLOGIC MAP 
Plate 1 is a geologic map of the study area at a scale 
of 1:40,000 with the base adapted and modified from U.S. 
Geological 
1: 24, 000) . 
Survey topographic quadrangle maps (1:62,500 and 
Topography is represented by a contour interval 
of 100 feet (30.5 m). 
The basalt outcrops in the study area were mapped using 
aerial photographs (1:40,000) in stereo image and U.S . Geo-
logical Survey orthophotoquads (1:24,000), with additional 
modifications based on field reconnaissance. All sample 
locations are marked and ident i fied by sample number. 
Geology of the Wildcat Hills is based on the 1: 12,00 0 
scale map produced by Howes (1972). Outcrops in the Wildcat 
Hills orig i nally mapped as andesite have been reclassif i ed 
as rhyodacite based on chemical analyses (Shea, 1985>. 
A generalized representation of the remaining litho-
logic units has been adapted from the Geologic Map of Box 
Elder County, Utah <Dael 1 i ng, 1980) . Additional modifica -
tions to the generalized geology of the sedimentary rocks as 
related to their association with the basalt outcrops have 
been made based on field observations. Sedimentary and 
metamorphic rocks have been designated as follows: Precam-
brian Rocks, Paleozoic Sediments, Tertiary Deposits of the 
Quaternary Gravels, and Quaternary Lacus-Salt Lake Group, 
trine Deposits. In addition, thickness of valley fill is 
contoured at intervals of 1000 feet (304.8 m) (Baker, 
12 
Peterson, 1973). Depth to Paleozoic rocks is indi-1974; 
cated for three exploratory wells drilled in the northern 
portion of the study area <Peace, 1956). 
Plate 2 is a map covering outcrops in the southwestern 
portion of the study area. The map was produced at a scale 
of 1:12,000 and a contour interval of 100 feet < 30. 5 m > • 
Sample locations indicated on Plate 2 are accompanied by 
unit thickness, petrographic classification, chemical-group 
designation, 
associated 
and apparent alignment. Pyroclastic deposits 
with the basalts have not been mapped due to 
their extremely limited exposure. Their presence is noted 
by their sample location numbers. 
13 
FIELD RELATIONSHIPS 
Field investigations and sample collection were ini-
tiated in the summer of 1983 and continued into the fall of 
1985. Thirty-four samples representative of 
outcrops along with four samples of associated 
the basalt 
pyroclastic 
deposits were collected in the study area <Table 1). 
observations centered on stratigraphic and structural 
tures of the lava outcrops along with measurements of 
Field 
fea -
flow 
thickness and apparent attitude. The following is a de -
scription of the basalt outcrops in the study area. 
Three shield volcanoes comprise the basalt outcrops in 
the southeastern portion of Curlew Valley. The lava ou t-
crops on these shield volcanoes are typically thin tongue -
shaped, vesicular flows ranging from 0.6 m to 1.8 m th i c k 
along the flanks with thinner flow units from 0.25 m to 1.0 
m thick near the summits. 
The outcrops range from a medium - gray to a dark-brown 
color on the surface. The dark brown color is attributable 
to an iron oxidation rind that extends 2.5 cm to 25.4 cm 
inward from the surface. The lava flows are aphanitic and 
massive at the base and become progressively vesicular to -
wards the top of the flows. Vesicles are commonly lined or 
filled with a yellow-white calcite. Calcite invasion is 
usually limited to the same extent as the iron oxidation. 
Much of the original morphology of the volcanoes has 
been obscured by erosional processes and deposition of sedi-
Table 1. Locations of samples. 
SA~PLE COLLECTION LOCATION 
NU~BER NU"BER Latitude Longitude 
1 
2 
3 
4 
5 
b 
7 
B 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
24 
25 
26 
27 
28 
29 
30 
31 
7'1 
.;4 
.... 
J.J 
34 
35 
36 
:;a 
P\J83-20 
P\J83-21 
PV83-22 
PVB3-39 
PVB3-23 
PV83-24 
PV83-2S 
PV83-3 
PV63-27 
PV83-2B 
PV83-26 
PV83-32 
PV83-3! 
PV83-19 
PV83-30 
PVB3-16 
PV83-35 
F'V83-36 
PV83-1S 
PVB3-14 
PV83-i4 
PV83-11 
PV83-i)3 
PV83-04 
PV83-05 
PV83-06 
PV83- l2 
PV83-07 
PV83-08 
PV83-01 
Pl/83-02 
?Y83-l0 
?V83-09 
BVB!-32 
P\/83-29 
F'V83-33 
Pl/83-37 
41150'50"N 112'51'54'W 
41'50'40"N !12'51'33'W 
41151'13"N 112'50'16'W 
41'51' 16'N 112'50'33"W 
41147' 26"N 112'55'06'W 
4l'43'19"N 112'55'02"W 
41'30' 03"N 112'54'21'W 
41'49'13"N 113'01'43"W 
41'49' 11'N 113'01'50"W 
411 48'50"N 113'01'55'W 
41147' 12"N 113'03'41'W 
41155'10"N 113100'51'W 
41'56'01"N 113'00'3b'W 
41~57'53"N 112'59'26'W 
41°52'01'N 113'10'22'W 
4ll51'59'N ll 3'10'28"W 
41'5l 'Z9"N 113'09'20' W 
41'51' 29'N 113°09'22'W 
41151'17"N 113'09'46"W 
41150' 40"N 113°09'43"W 
41'50'38"N 113'09'36"W 
41150'31"N !13'08'28"W 
41°50' 33"N 113'!0'53'W 
41'50'35"N 113'!1'141 W 
41°49'3B"N 113'i 0'29'W 
41'49'48"N 113'10'29'W 
4'.'50'02'N 113'08"58"W 
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ments from prehistoric Lake Bonneville. All three of the 
volcanoes would have been submerged during the lake's high-
est level of 1530 m (5085 ft) above sea level. Several 
shoreline levels can be observed on the volcanoes where 
boulders of lava have accumulated and several wave-cutter-
races have formed contours on the slopes. 
The largest of the three volcanoes, Cedar Hill, rises 
213 m above the valley floor and at present covers approx-
2 
imately 34 . 1 km. The crater forms a large elliptical 
depression 
ments. 
152 m by 274 m which is now filled with sedi-
Several outcrops, 2.4 m to 3.7 m thick, found near the 
top of Cedar Hill display a horizontal flow-banded texture. 
The bands appear as unvesicular horizons 5.0 cm to 7.6 cm 
thick that grade into vesicular horizons 20.3 cm to 25.4 cm 
thick. The unvesicular horizons are more resistant to 
weathering than the vesicular horizons, making them appear 
more distinctive on the outcrop~ There are no breaks, 
erosional surfaces, or discontinuities between the bands. 
The horizontal bands appear to represent several thin flow 
units. The lack of erosional surfaces or breaks between the 
flows and the similarity of the individual units suggest 
a r-elatively that several eruptive pulses occurred over 
shor-t period of time. 
A second vent is found on the northwest side of Cedar-
Hi 11 . The vent pr-oduced a ser-ies of thin flows that extend 
eastward approximately 1829 m (6000 ft). The vent forms a 
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large mound capped with red-brown cinder. The vesicles and 
fractures in the cinder are filled with interstitial cal-
cite. Large blocks and fragments around the vent are 
covered and cemented together with tufa. The flows gen-
erated from this vent are medium to dark gray and have a 
similar appearance to other flows on Cedar Hill. The cinder 
at the second vent has a very fresh appearance despite the 
interstitial calcite. The cinder does not show as many 
signs of physical erosion and appears to be considerably 
younger than the rest of the outcrops in Curlew Valley. 
The second largest volcano is located directly south of 
Cedar Hill. The volcano rises 122 m above the valley floor, 
2 
covering 16.6 km. The volcano has two closely spaced 
vents. Both vents are about 180 min diameter and are now 
filled with lacustrine sediments. 
The third and smallest volcano is located d i rectly 
southeast of the other two volcanoes, adjacent to the Loco-
motive Springs Waterfowl Refuge. The volcano forms a small 
round h i ll 33.5 m above the valley floor and covers an 
2 
area 
4.7 km. The lava flows are predominantly covered with lake 
sediments providing only limited exposure. 
center shows very little surface expression, 
The eruptive 
appearing only 
as a flat surface on top of the hill with a few outcrops 
outlining what was probably the crater rim. 
Two of the springs in the refuge emanate from the base 
of lava flows near the third volcano. The outcrops at both 
springs are approximately 1.8 m thick and are overlain by up 
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to three meters of lake sediment. 
Basalt is exposed on a slope on the south side of the 
Wildcat Hills. The top of a black vesicular lava is exposed 
in places on the slope's surface and is overlain by scat-
tered outcrops of a medium-gray, vesicular lava. The gray 
lava is intensely weathered and sculptured, and shows perva-
sive iron oxidation and secondary calcite. An interesting 
specimen found at this location was a basaltic bomb cored 
with rhyolite. Shea (1985) suggested that basaltic vol-
canism preceded the salic volcanism. The existence of this 
bomb indicates that basaltic volcanism was either con-
current or followed the development of the rhyolite domes. 
A short distance south from the base of the slope is a 
volcanic neck composed of columnar basalt. The neck is now 
collapsed with large sections of basalt columns leaning 
inward towards the center. Individual columns range from 
35.6 cm to 66.0 cm in diameter and from 1.8 m to 12.2 m in 
length. 
South of the volcanic neck are two more outcrops of 
lava. These outcrops are on the tops of two small, low-
lying hills and are remnants of a flow. Only about a meter 
of lava is exposed on both hills with lake sediments cover-
ing the basal contact. 
Three outcrops of lava are situated north of the Wild-
cat Hills and south of Highway 30. The outcrops are exposed 
as east-facing scarps on north-to-northeast-trending ridges 
with 3.7 m to 7.6 m of relief. A single lava flow is 
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exposed at all three outcrops; it ranges in thickness from 
3.7 m to 4.6 m. Lake sediments and soils cover the basal 
contact and overlie the outcrops. In places, minor water 
seepage occurs along the base of the outcrops. The lava is 
medium- to dark-gray, 
tion. 
aphanitic basalt with minor vesicula-
The most distinctive outcrops in Curlew Valley are 
located in the southwestern portion of the valley (Plate 2). 
In this a r ea remnants of lava flows cap two v er y prominent 
buttes and a terrace-like escarpment that extends southward 
from Kelton 
volcano and 
Junction. Also in this area, a distinctive 
a possible second eruptive center have been 
identified along the base of the foothills of the Raft River 
Mountains. 
The northernmost outcrop in this area is situated along 
the base of the foothills of the Raft River Mountains, near 
the Vern Steeds Ranch. The outcrop is a remnant of a vol-
cano that has been dissected with the central portion eroded 
away, leaving two crescent-shaped masses of basalt. The 
northern side of the volcano is one of the few areas in the 
valley where the basal contact of the basalt can be clearly 
observed. Four units of lava are present here. The two 
lower units of lava are both medium to dark gray in color, 
aphanitic, 
ered than 
moderately vesicular, 
the two upper units. 
average about 1.8 min thickness. 
and more intensely weath-
The two lower units each 
The third unit is 7.4 m 
thick and columnar jointed. The uppermost unit has been 
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extensively eroded on top and has a maximum preserved thick-
ness of 1.7 m. Units 3 and 4 are dark gray to dark brown on 
weathered surfaces, and are medium to dark gray on fresh 
exposures. Both plagioclase laths and olivine are visible on 
fresh exposures. 
Directly underneath the lowest basalt unit is a dark 
lapilli 
graded 
tuff (3.3mthick). The tuff unit has several 
horizons that range from a light-brown ash to dark-
brown coarser fragments of lapilli and scoria. Underneath 
the lapilli tuff, a white vitric tuff (11.1 m thick) is 
partially exposed on the surface of the hillside and in a 
small ravine 1 ocated on the south side of the volcano 
( Samp 1 e 36) . The vitric tuff is composed of very fine, 
unwelded glass shards. A light-gray to light-brown 1 i me-
stone crops out below the volcanic sequence. The limestone 
is thin bedded with interbeds of shale. The limestone is 
believed to be part of the Salt Lake Group of Tertiary age. 
On the southeast side of the volcano, a vertical dike 
strikin g N70°E , c uts through the limestone. A second dike 
cuts through the limestone and the volcanic sequence on the 
northeast side of the volcano with an attitude of N12°W / 85° 
w. Both dikes are black and aphan •itic and have a basaltic 
(diabasic) composition. 
Seventeen meters (56 ft) west of the second dike, the 
third unit displays curved columnar jointing. A distinctive 
banded texture cuts across the columnar joints. Petrographic 
study indicates that the banded texture is a function of 
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groundmass crystallinity in the rock. Zones having a fine 
holocrystalline groundmass sharply border zones having a 
coarser intersertal groundmass. Plagioclase phenocrysts in 
the intersertal groundmass zones are generally smaller and 
less distinct than in the holocrystalline groundmass zones. 
A possible second eruptive center has been identified 
approximately 1915 m (6281 ft) south of the first volcano, 
near the base of the foothills of the Raft River Mountains. 
The outcrop is outlined by large displaced blocks of lava, 
the result of undercutting by wave action from Lake Bonne-
ville. Along the southeast side of the outcrop four vol-
canic units are exposed. The lowest unit exposed appears to 
be a scoria-tuff breccia. The breccia contains black frag-
ments of scoria, glass shards, and metaquartzite fragments 
set in an intensely altered matrix. The matrix appears to 
have been a volcanic ash now altered to an argillaceous 
material with minor amounts of sericite and chlorite. Four 
meters of the breccia unit are exposed with the basal con-
tact covered by a gravel-loam material. A similar breccia 
lavas. unit was described by Voit (1985> in the Kelton 
Directly above the scoria-tuff breccia is a small exposure 
of scoria (1.2 m thick). The scoria is strongly weathered 
with numerous small veins of calcite and chlorite cutting 
through it. The two upper units crop out 7.9 m above 
scoria exposure. The upper contact of the scoria and 
the 
the 
basal contact of the third unit are covered by large dis-
placed blocks of lava and other debris. The third unit is at 
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least 2.5 m thick. The uppermost unit is approximately 2.4 m 
thick. The two upper units are medium- to dark-gray basalt. 
Olivine and plagioclase are both visible on fresh exposure. 
Numerous vesicules are found in the upper portions of both 
units. 
Only the upper unit and parts of the second unit are 
exposed 
aerial 
in a traverse around the rest of the outcrop. In 
view the outcrop has the appearance of two east-west 
trending semicircular lobes with a third tongue-shaped lobe 
extending southward. The two semicircular lobes represent 
the two upper units in what appears to be a fracture-fault 
type eruptive center aligned in a N35°E direction. The 
tongue-shaped lobe represents a portion of the third unit 
which emanated from the same source. 
Black Butte is the most prominent outcrop in the south-
west portion of the study area. Situated west and north of 
Highway 30, Black Butte rises 152 m above the valley floor. 
The butte is 1981 m long and 1005 m across at its widest 
portion. The butte is capped by three lava flows. The 
lower and middle flows can be traced along the entire length 
of the butte. The upper unit overlies the middle unit along 
the southern half of the butte. On the northern half of the 
the middle unit is overlain by an isolated gravel butte, 
deposit. This gravel deposit is composed primarily of 
quartzite fragments resembling float material derived from 
the Raft River Mountains. The slope below the lava flows is 
covered with blocks and boulders of lava along with uncon-
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solidated sediments containing quartzite and carbonate frag-
ments. Several shorelines of Lake Bonneville are clearly 
visible along the eastern slope of Black Butte, 
The middle and lower flow units have a general attitude 
of N45°E/10°S along the southern half of the butte. On the 
northern half of Black Butte the two flows have an attitude 
of N33°E with dip ranging from 7°E to 4°W. On the eastern 
side of the butte a segment of the two lower flows appears 
to have been displaced by gravity sliding . 
segment exhibits a dip of 15° to 25° East. 
The displaced 
The lower flow unit is dark gray, moderately vesicu-
lated, and aphanitic. The lower flow unit ranges from 2.1 rn 
to 2.7 m thick . and has an intensely weathered surface ap-
pearance. There is pervasive iron oxidation and secondary 
calcite in the lower flow unit. 
The middle flow unit is medium- to dark-gray, aphanitic 
basalt and ranges from 2.5 m to 3.7 m thick. Along the 
eastern side, the flow is only moderately vesicular in the 
upper horizon. Pipe vesicles are also quite common. Along 
the western side of the butte however, sections of the 
middle flow were intensely vesiculated, with vesicles 
accounting for up to 40 percent of the rock volume. 
The upper unit ranges from 1.5 m to 2.1 m thick and is 
dark gray to dark brown in color with numerous vesicles. On 
fresh exposure the rock is medium gray and aphanitic. Poly-
gonal jointing is found extensively along the surface of the 
flow and columnar joints are present along the northern edge 
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of the unit. A segment of the original flow boundary is 
still preserved on the southwest side of the upper unit. 
The upper flow unit has a general attitude of about N55°E 
with dips ranging from 8° to 15° south, indicating a gen-
eral northwest to southeast flow direction. 
The northeasterly strike and southeasterly dip of the 
middle and lower flow units at Black Butte suggest a south-
east direction of flow. This makes the volcano northwest of 
Black Butte the most likely source for all three flow units. 
As will be discussed in following chapters, the middle and 
lower units on Black Butte are related both chemically and 
petrographically to the volcano northwest of the butte. 
Another outcrop of basalt is located at the base of 
Black Butte alongside the highway, near Kelton Junction. 
The outcrop is of two flow units with a total thickness of 
4 . 3 m. 
The top 
Boulders 
The basal contact of the lower unit is concealed. 
of the upper flow has been fractured and eroded. 
on top of the outcrop may represent remnants of a 
third f 1 ow. Both units consist of medium- to dark-gray, 
moderately vesicular basalt. 
on fresh exposure. 
Plagioclase laths are visible 
A small deposit of tuff is exposed in a drainage on the 
southeast side of Black Butte (Sample 37). The tuf f is a 
very soft, friable deposit, medium brown in color. Its 
setting and appearance suggest that the deposit may actually 
be a tuffaceous deposit of the Salt Lake Group rather than 
being a deposit directly associated with the volcanic activ-
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ity of the area. 
A second smaller, yet equally prominent butte is found 
southwest of Black Butte along Highway 30. This smaller 
butte rises 36.6 m above the valley floor and covers approx-
2 
imately 55,740 m. It is capped with the two thickest flow 
units of basalt observed in the study area. The two units 
form a steep cliff face on the northwest side. Both units 
are of medium-gray basalt with plagioclase and olivine visi-
ble on fresh exposure. The lower unit is 5.5 m thick with 
the upper 3.7 m vesiculated. The upper unit is 6.7 m thick 
with numerous vesicules in the upper 3.1 m. The slope below 
the lava units is predominantly covered with blocks and 
boulders of lava shed off the outcrop. Underneath one large 
lava block found along the base of the butte is a small 
exposure of conglomerate. The comglomerate consists of 
subrounded limestone pebbles in a dark gray carbonate mat-
rix. This conglomerate most likely belongs to the Salt Lake 
Group. 
For-ty-six meters (150 ft) east of the small butte is a 
small hill of intensely weathered, medium-gray lava. There 
are no lateral exposures on the hill to observe thickness 
and structure of the lava. The top surface of the lava is 
exposed in a few places with the remainder of the hillside 
covered by lava debris, quartzite gravel and silt. 
Two lava flows form a series of outcrops extending from 
Kelton Junction southward toward the northwest shoreline of 
the Great Salt Lake. The lava flows cap a terrace-like 
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escarpment that outlines one of the lower shoreline levels 
of Lake Bonneville. Along the east side of the escarpment, 
several small deposits of tufa are found draping 
lava outcrops and as fill material in crevices 
over 
along 
the 
the 
outcrop faces. Currey (1980) attributed tufa deposits to 
both the Provo and Stansbury levels of Lake Bonneville. All 
of the tufa deposits on the escarpment occupy a horizon 
between the two shoreline levels at elevations ranging fr- om 
1417 m to 1433 m. This would establish an age for the tufa 
deposits of between 11,000 and 14,000 years. 
The east side of the escarpment is predominantly 
covered by large blocks and boulders of lava displaced by 
undercutting along the outcrop faces. Several drainages 
however, dissect the escarpment providing good exposure of 
the lava flows. 
Both 
basalt. 
base and 
flow units are medium- to dark-gray, aphanitic 
The flow units are moderately vesicular along the 
grade upwards into a densely vesicular horizon. 
Yellow-white calcite is commonly found lining the vesicles. 
Iron oxidation forms a dark-brown rind on the surface that 
extends inward 5.1 cm to 17.8 cm. 
The lower flow ranges from 2.7 m to 3.3 m thick. 
The upper flow unit ranges from 3.1 m to 4.3 m thick. The 
of the upper flow has a polished, vesiculated surface top 
that commonly displays polygonal cracking. Large vertical 
cracks are also seen along the surface, many of which appear 
to extend down into the lower f 1 ow. A sub-horizontal 
crevice commonly is exposed along the base of 
f 1 ow. The crevice is 20.3 cm to 50.8 cm wide, 
few meters under the flow where temperamental 
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the lower 
extending a 
rattlesnakes 
often reside. The crevice was probably produced by the same 
wave-undercutting action that displaced the lava blocks. 
The sediments beneath the lower unit are primarily uncon-
solidated gravel and silt deposits. Attitude measurements 
made along the outcrop faces and on top of the upper flow 
indicate a source north or northwest of the outcrops. 
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PETR0GRAPHY 
The basalts in the study area fall into three broad 
textural groups: 
ioclase-phyric 
microporphyritic, microgranular, and plag-
intersertal. Within the microgranular and 
microporphyritic textures, crystallinity ranges from holo-
crystalline to hypocrystalline. Plagioclase and augite are 
the dominant mineral phases followed by olivine, opaque 
minerals, and interstitial glass. Vesicles are common in 
all of the samples, and comprise up to as much as 36 percent 
of the volume in some samples. 
Though great care was taken to obtain fresh samples, 
all of the basalts show minor amounts o+ secondar y mineral-
ization. In most of the samples, calcite is found as frac-
ture fill, 
amygdules. 
accompanying 
lining many of the vesicles, and locally forms 
Limonite is present in some of the samples 
calcite as fracture fill and less commonly as 
halos around opaque minerals. 
Table 2 contains the modal analyses of twelve samples 
selected for chemical analysis. Sample selection for chemi-
cal analysis was based on minimum alteration observed in 
thin section and representation of the differ-ent basalt 
units in Curlew Valley. A minimum of 1100 mineral grains 
were counted in each analysis. The following discussion 
relates to the petr-ographic characteristics observed in all 
of the samples, and is not limited to the twelve samples for-
which modal analyses are repor-ted. 
Table 2. Modal analyses (volume percent). 
PHENOCRVSTS L HICROPHENOCRSTS 6ROUNDHASS 
Satple Pl agi ocl ase 01 i vi nel Augite Plagioclase Olivinel Opaques 
10.66 7.94 43.75 22.45 - 15.20 
7 28.86 46.24 8.52 6.70 
8 22.04 - - - - 2.61 
10 19.55 11.64 29.00 24.64 - 15.17 
13 7.90 18.01 21.16 27.53 3.0b 14.10 
15 11.73 13.3b 33.09 25.3b - 9.28 
17 34. 79 8. 13 33.33 10.37 - 8,82 
18 19.94 7 .12 36.52 27.34 - 4. 11 
25 3b.7b 11. 22 25.b3 14.32 - 11.79 
29 - - 23.29 44.79 5.94 8. 14 
33 - - 19.97 46.87 6.37 9.25 
34 - - 21. 84 46. 13 5.74 8.83 
llddingsite and Bo~lingite counted as Olivine 
Glass 
9,68 
-
8.24 
7. 18 
4.56 
4.9b 
0.28 
17.84 
17.21 
16.83 
Apatite Undifferenti•ted 
- 75.35 
0.33 
0.66 
I\) 
CD 
29 
Microporphyritic Basalt 
The microporphyritic texture (Figure 2) is composed of 
plagioclase and olivine phenocrysts and olivine micropheno-
crysts set in a fine-grained intergranular to intersertal 
groundmass. The groundmass consists of plagioclase, augite, 
opaque minerals, and minor amounts of olivine. Phenocrysts 
and microphenocrysts comprise 13 to 35 percent of the total 
volume of the twelve microporphyritic basalts. With the 
exception of one sample the microporphyritic basalts are not 
strongly vesicular, 
percent of the volume. 
with vesicles comprising less than 10 
Sample 19 is stongly vesicular with 
3 6 percent vesicles and probably represents the upper por -
tion of a flow. Vesicles in the mi c roporphyritic basalts 
have a more or less ovate shape. 
Plagioclase phenocrysts make up from 10 to 35 percent 
of the volume of the microporphyritic samp l es. The lath-
shaped phenocrysts range from 0.8 mm to 4.0 mm Cx = 2. 0 mm). 
The plagioclase laths exhibit albite, Carlsbad, and albite-
Carlsbad twinning. Extinction-angle measurements in se-
lected twins indicate a composition ranging from labradorite 
to bytownite. 
zoning. 
Many of the larger phenocrysts exhibit 
Most of the olivine occurs as microphenocrysts. In 
four of the microporphyritic samples, up to 4 volume percent 
of the olivine occurs as phenocrysts ranging from 1.0 mm to 
6.0 mm in diameter. The microphenocrysts range from 0.3 mm 
Figure 2 . 
30 
Photomicrograph of microporphyritic basalt 
(Sample 10; cross-polarized light, long dimen-
sion equal s 7.5 mm). 
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to 1.0 mm in diameter. They range from anhedral to euhedral 
shapes depending on the degree of alteration to iddingsite. 
Most alteration occurs along crystal fractures and rims. In 
samples 16 and 17 most of the olivine microphenocrysts have 
cores that are altered to iddingsite. In sample 15 olivine 
crystals are partially altered to bowlingite rather than 
small iddingsite. Many of the olivine crystals contain 
inclusions of opaque minerals. These inclusions are less 
than 0.15 mm in diameter and typically have an isometric 
form. 
The groundmass of the microporphyritic basalts is com-
posed of augite, plagioclase, and opaque minerals, with 
minor amounts of olivine. In nearly all of the samples, 
augite is the dominant groundmass mineral and constitutes 
21.16 to 43.75 percent. Plagioclase is the second most 
common mineral in the groundmass and in two of the samples 
is found in nearly equal amounts with augite. Plagioclase 
is typically lath shaped with twinning. 
Nearly 
groundmass. 
all of the opaque minerals are confined to the 
Magnetite is the dominant opaque mineral form-
ing small subhedral to euhedral blocky crystals. I 1 men i te 
is found in lesser amounts as long slender needles and as 
irregular anhedral crystals. Many of the large anhedral 
crystals have cores of magnetite with exsolved rims of 
ilmenite. Cubic crystals of magnetite often display exsolu-
tion lamellae. In the microporphyritc basalts, magnetite 
contents range from 3 to 11 percent of the volume, whereas 
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ilmenite ranges from 2 to 7 percent. 
Olivine has been identified in only minor amounts in 
the groundmass. Where recognized it appears as small equant 
crystals. Additional groundmass olivine may be obscured by 
alteration to yellow-brown iddingsite. 
Microgranular Basalt 
The microgranular texture consists of plagioclase, 
olivine, opaque microlites, and augite, no discernable 
groundmass, and very few phenocrysts (Figure 3). The fabric 
grades from intergranular to subophitic to intersertal, 
often in the same field of view (20 mm). Many of the micro-
granular basalts are moderately to strongly pilotaxitic. 
Samples 33 and 34 have apatite as a conspicuous accessory 
mineral 
vesicles 
« 1 '1/.) • All of the basalts are vesicular 
accounting for 10 to 30 percent of the total 
with 
vol-
ume. Vesicles usually have angular shapes rather than ovate 
shapes and range from 0.2 mm to 3.5 mm in diameter. 
Thin sections of the microgranular basalts can be di-
vided macroscopically into light gray and dark gray samples. 
In 
than 
microscopic view the five light gray samples have 
8 percent opaque minerals. Opaque minerals in 
less 
the 
twelve dark-gray samples range from 8 to 17 percent. 
Plagioclase is found as long slender laths in the 
microgranular basalts. Crystals are subhedral to euhedral 
and range from 0.6 mm to 1.5 mm in length. The laths are 
Figure 3. 
33 
Photomi c rograph of microgranular basalt (Sample 
33 ; cr o s s-polarized light, long dimension equals 
7 . 5 mm). 
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often embayed when in contact with interstitial glass. 
Plagioclase crystals typically exhibit albite, Carlsbad, and 
al bite-Carlsbad twins. Measurement of twin extinction 
angles indicate a labradorite composition. The plagioclase 
crystals in samples 14 and 23 have a smaller size range from 
0.2 mm to 0.8 mm, possibly due to a basal quench. 
Augite appears to be the only pyroxene present in the 
microgranular basalts. Augite crystals are anhedral and in 
a subophitic to intergranular relationship with plagioclase . 
Individual crystals range in size from 1.0 mm to 2.5 mm and 
commonly show undulose extinction. 
Olivine appears as subequant crystals, 0.4 mm to 1.2 mm 
in size. Crystals range from anhedral to euhedral depending 
on extent of alteration along fractures and rims. Altera -
tion is usually yellow-brown iddingsite though green bowlin-
gite is also observed in sample 10. Inclusions o f opaque 
minerals less than 0.15 mm are often present in the olivine 
crystals. Under reflective light most of the inclusions 
appear to be magnetite. 
Opaque minerals constitute 4 to 17 percent of the 
volume of the seventeen microgranular basalts. The opaque 
minerals range from small euhedral cubes between 0.02 mm and 
0.4 mm, to irregular anhedral shapes up to 1.0 mm in diame-
ter, and interstitial needles up to 1.2 mm in length. Exam-
ination under reflected light indicates most of the small 
cubic crystals are magnetite and the larger irregular shapes 
and needles are ilmenite. There are roughly equal propor-
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tions of magnetite and ilmenite present in the microgranular 
basalts. 
Interstitial glass is found in all of the microgranular 
basalts in amounts varying from 6 to 21 percent. The glass 
is medium brown to dark brown in color and less commonly 
opaque. The glass usually contains hair-like crystallites 
and dust-size particles. The glass is found filling inter-
stices between plagioclase crystals. 
Plagioclase-phyric Intersertal Basalt 
Sample 8 is different from the other basalts in that it 
co nsists of plagioclase phenocrysts set 1n a dark-brown to 
black vesicular groundmass (Figure 4) • The plagioclase 
phenocrysts are subhedral to euhedral lath-shaped crystals, 
randomly oriented in the groundmass. The phenocrysts range 
fr-om 0.9 mm to 3.2 mm in size. Albite, Carlsbad, and 
al bite-Carlsbad twins are al 1 found in the phenocrysts. 
Measurement of twin extinction angles indicates a labra-
dorite composition. 
The groundmass is highly vesicular, with ovate vesicles 
accounting for up to 37 percent of the total volume. The 
groundmass is composed of glass and microlites of incipient 
plagioclase, augite, and magnetite. The dark-brown to black 
color of the groundmass is attributed to the abundance of 
magnetite and iron oxidation giving much of the glass a 
cloudy appearance. Although olivine is not apparent in the 
are several completely opaque patches in groundmass, there 
Figure 4. Photomicrograph of 
sertal basalt (Sample 
with gypsum plate, 
mm). 
3 6 
plagioclase-phyric inter--
light 
7.5 
8; cross - polarized 
long dimension equals 
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the groundmass that appear to represent completely altered 
femic phenocrysts. Examination of the sample under re-
fleeted light indicates dust-size particles of magnetite 
scattered throughout the groundmass. 
2.61 percent of the total volume. 
Magnetite accounts for 
Pyroclastic Rocks 
Four samples of pyroclastic rocks were collected in the 
study area. The four samples differ greatly in appearance, 
texture, 
specimen 
and composition. Sample 36 is a fairly fresh 
pri-of white vitric tuff. The tuff is composed 
mar i 1 y of pristine glass shards (88%) with scattered micro -
crysts of quartz (81/.), chert, biotite, and olivine <al 1 l ess 
than 1. 0'l.) ranging between 0.1 mm and 0.7 mm in diameter. 
In addition, the tuff contains minor amounts of interstitial 
calcite and limonite. 
Sample 35 is a brown lapilli tuff. The sample is 
primarily devitrified and vesicular glass (76'1/.). Micro-
crysts of plagioclase (161/.) and olivine (3% ), and inter-
stitial calcite <S'l.) make up the rest of the sample. Al 1 of 
the microcrysts are partly altered, displaying resorbed 
edges and embayments. 
site. 
The two other 
Olivine is partly altered to idding-
pyroclastic samples were so severely 
weathered and altered that petrographic thin sections were 
not made. Sample 38 appears to have been a scoria - tuff 
breccia. The groundmass is completely altered to an argil-
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laceous material with minor sericite and chlorite. Scoria 
fragments range in size from 1.0 mm to several centimeters. 
The larger fragments show strong limonite alteration on the 
surface but still display fairly fresh cores. Sample 37 is 
a very soft and friable tuff, light brown in color. The 
tuff appears to be composed primarily of devitrified 
shards. Small veins of interstitial calcite are found 
throughout the deposit. 
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CHEMISTRY 
Evaluation Of Data 
Three methods of analysis were employed to obtain the 
chemical data for the twelve selected samples. Silica, FeO, 
H2O+, and H2O- contents were determined through wet chemical 
analyses following the procedures of Johnson and Max wel 1 
( 1981) . The remaining major oxides, trace elements, and 
rare-earth elements were determined by ion-coupled plasma-
source spectrometry <ICPS) by J.N. Walsh, at Kings College, 
London. In addition, the trace elements Nb, Rb, Sr, Y, Zn, 
and Zr were also analyzed by X- ray fluorescence spectrometr y 
( XRF) . 
ICPS analysis is a relatively new procedure that has 
not been used previously by the Geology Department at 
u.s.u. As a check on the precision and accuracy of ICPS, 21 
samples previously analyzed at U.S . U. using wet chemistry 
procedures, along with U.S.G.S. standard BHVO- 1, and one 
replicate sample (both under concealed identity) were in-
eluded with the 12 Curlew Valley samples. This also provided 
trace and rare-earth element data that had not been obtained 
before with the samples analyzed previously at U.S.U. Of the 
21 samples that had been previously analyzed at u.s.u., 
eight samples each were from the Kelton and the Rozel Point-
Black Mountain areas repectively (Voit, 1985; Greenman, 
1982) and five from the Snowville area (Wang, 1985) . Nine-
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teen of these samples are basalts with the remaining two 
samples being rhyolite tuffs from the Kelton area. 
Analytical error eliminated one sample from the !CPS 
run. Unfortunately this sample turned out to be the 
U.S.G.S. standard, BHV0-1. At our request, analyses were 
repeated on three of the samples selected at random along 
with standard BHV0-1. 
Two of the major oxides determined by ICPS fell below 
the reported range of values for standard BHV0-1 <Gladney 
and Goode, 1 981 > CT ab 1 e 3 > • The value obtained for CaO was 
0 . 66 weight percent below the reported mean value and ex-
ceeded the standard deviation by 0.46 weight percent. Al203 
was 0 . 29 weight percent below the reported mean, and 
exce~ded the standard deviation by 0 . 09 weight percent . The 
other oxides determined by ICPS fell within the reported 
range of 
elements 
values. Concentrations of eight of the trace 
of values. 
determined by ICPS lie outside the reported 
The largest deviations from the reported 
of values occur with Co (25'%.), Cu (30'%.), and Nb (69'%.). 
range 
range 
The 
four elements V, Zn, Zr, and La exceed the reported range of 
values by 2.9'%., 4. 2'%., 10. O'l., and 5.6'%., respectively. The 
reported concentration for Li (4.5 ppm) is below the detec-
tion limit for !CPS (Thompson and Walsh, 1983). 
The sum of the nine oxide percentages determined by 
ICPS analysis is generally 2 to 3 percent lower than the sum 
percentages determined through wet chemical analyses. The 
three major oxides CaO, Al203, and total iron as Fe203 show 
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Table 3. Comparitive analyses for U.S.G.S. standard BHV0-1 
duplicate, and replicate analyses (oxides reported 
in weight percent, trace and rare-earth elements 
reported in parts per million). Both sets of 
analyses for sample 13 were made on the first 
analytical run. The two sets of analyses for 
samples 18, 25, and 34 were made on two separate 
analytical runs. 
BHV0-1 13 18 2S 34 
Reportedl !CPS 2 2 2 2 
Ti02 2.65±0.09 2.57 3.00 2.84 1. 57 1.52 2.79 2.76 3.55 3.32 
A!203 13. 80±0. 20 13.51 14.37 13.67 16.12 1S.S9 14.15 14.21 13.48 12.45 
Fe203 12. 20±0 .. 30 11. 93 15.53 15.16 11.23 11.23 15. 72 15.91 16.31 16.33 
l'lnO 0.17±0.01 0.16 0.20 0.21 0.16 0.15 0.20 0.20 0.23 0.22 
MgO 7.14±0.20 7.12 6.83 6.49 7.65 7.55 7.05 7.17 4.03 3. 77 
Cao 11.40±0.20 10.74 9.26 9.29 9.69 9.73 9.37 9.25 8.77 8.83 
Na20 2.21±0.09 2.29 2.61 2.39 2.49 2.37 2.47 2.51 3.10 2.69 
K20 0.55±0.08 0.53 0.66 0.65 0.75 o. 72 0.47 0.47 1.32 l. 14 
F205 0.29±0.04 0.25 0.53 0.51 0.23 0.23 0.52 0.50 1. 15 1.06 
Ba 142±18 127 383 351 510 490 378 369 952 836 
Co 45±1 33 53 56 49 49 52 52 33 ,., ...,:, 
Cr 300±30 256 !51 153 273 275 138 145 1 17 
Cu 137±6 133 68 63 66 65 70 68 70 63 
Li 4.5 8.0 11 11 11 11 10 11 15 14 
Nb 19±2 34 ""7 ,l, 36 20 23 34 40 44 49 
Ni 117±19 108 78 79 119 113 104 102 26 ?" ~.i 
Rb 10±2 7 8 13 6 20 
~r 440±70 376 336 307 300 285 296 304 358 324 
V 314±12 293 316 306 225 222 295 300 196 188 
y 28±2 29 47 44 31 29 44 40 72 66 
Zn 102±7 91 141 143 85 93 125 131 !68 168 
Zr 180±30 135 215 203 92 94 187 190 311 286 
La 16.7±0.8 15 30 28 22 19 28 26 52 44 
Ce 41. 0±4. 0 39 56 56 37 41 54 63 99 104 
Nd 24.0±6.0 44 42 
S11 6.1±0. 7 9.4 9.7 
Eu 2.0±0.4 2.7 2.4 
Dy 4.8±0.2 6.7 6.1 
Yb 2.1±0.5 3.7 3.5 
l Gladney and Goode, 1981 
the largest deviations. The values obtained through I CPS 
for CaO range from 1.28 to 0.28 weight percent below the wet 
chemistry values. Total iron as Fe203 ranges from 0.76 to 
0 .02 Values for-
Al203 
weight percent below wet chemistry data. 
range from 1.06 weight percent below to 0.66 
percent above values obtained through wet chemistry. 
weight 
The 
remaining oxides determined by !CPS range fr-om 0.42 to 0.01 
weight per-cent below values determined by wet chemical anal-
yses. The CIPW norms computed using the two djfferent sets 
of data do not var-y significantly. The classi fi cation of 
the samples based on their normati v e components does not 
change ei tt1er. 
Subjective r-esults wer-e found comparing the duplicate 
anal ye s for sample 13, and for the replicate analyses from 
the first and second runs for samples 18, 2 5, and 34. The 
largest v ariation occurs with the o xi des CaO (0 .1 2 wt. '1/.) ' 
Al203 (1.03 wt. 1.) and Fe203 (0.37 wt. 1/.). Less th an l. 01. 
variation exists for the concentrations of the remaining 
oxides and trace elements . 
Data for the six trace elements determined through XRF 
analysis ( Tab l e 8) ar-e fairly close to the !CPS data. Less 
than 9.8 percent v ariation is found for the two sets of data 
for- Nb, Rb, Y, Zn, and Zr . However, data for Sr- varies as 
much as BO ppm or 23 percent between the two sets of data. 
43 
Major Oxides 
Chemical analyses and CIPW norms of the 12 selected 
samples from Curlew Valley are presented in Table 4. Chemi-
cally all of the samples are basalt, with Si02 between 45.68 
and 
and 
49.99 percent (all oxides reported in weight percent) 
a color index ranging from 40.0 to 46.5 (Streikeisen, 
1979) . Examination of the chemical analyses reveals that 
the twelve samples fall into three general groups. Samples 
15, 17, and 
49.60 percent 
highest Al203, 
18 have the highest average Si02 content at 
and make up Group I. This group has the 
MgO, and Cao contents; and the lowest Ti02, 
MnO, P205, total Fe, and alkali contents. Group III con-
tains samples 29, 33, and 34 with an average Si02 content of 
48.26 percent. Group III basalts are highest in Ti02, total 
Fe, MnO, alkalis, and P205; and lowest in MgO and CaO. 
Samples 1, 7, 8, 10, 13, and 25 make up Group I I. Group II 
has the lowest average Si02 content of 46.28 percent. The 
remaining oxides in Group II have average values inter -
mediate between Group I and Group III. 
A modified version of the Yodet- and Tilley C 1962 ) 
basalt tetrahedron has been used to classify the Curlew 
Valley basalts. This modified version (Barker, 1983) col-
1 apses the tetrahedron into a two-dimensional diagram with 
the normative components clinopyroxene, olivine, ortho -
pyroxene, nepheline, and quartz. Using the CIPW norms in 
Table 4 and recalculating the components to 100 percent, the 
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Table 4. Major oxide analyses (weight percent> and CIPW 
norms. 
Sroup I Group 11 6roup Ill 
Sa1ple 15 17 18 B 10 13 25 29 33 34 
Si02 49,99 49.21 49.59 45.68 46. 13 46.36 47.05 46. 57 45.86 48. 97 48. 39 47.41 
Ti02 1.60 1.39 1.57 2.81, 2. 71 2.87 2.91, 3.00 2. 79 3.23 3. 08 3.55 
Al203 14.55 15. 72 16.12 14.47 15. 22 14.87 14.82 14.37 14. 15 13.98 13. 89 14.48 
Fe203 0. 93 5.16 1.34 2.60 1.89 2. 32 3. 32 2.4S 4.7S 2. 15 2.68 3.14 
FeO 9. 18 5.29 8.90 11. 51 11.63 I I. 78 11. 17 I I. 77 9.88 12.83 12.05 11.83 
PlnO 0. 15 0.15 0. 16 0.20 0. 19 0. 19 0.20 0.20 0. 20 0.23 0. 23 0.23 
PlgO 7.07 7.87 7.65 6.69 7.39 5.78 6. I 2 6.83 7.05 4.09 4. 12 4.03 
Cao 9,61 9.26 9.69 9.66 9.18 9.05 9.07 U6 9.37 7.84 7. 70 8. 77 
Na20 2. 15 2.39 2.49 2.66 2.70 2.88 2. 72 2.61 2.47 3. 28 3. 16 3.10 
k20 o. 77 0. 70 0. 75 0.68 0. 77 0,60 0. 75 0.66 0. 47 I. OS 1.01 1. 32 
P205 0.25 0.21 0.23 0.80 0.64 0. 36 0.37 0.53 0.59 0.59 0.57 1.15 
H20+ 0.65 0.91 0.82 0.59 0. 44 1. 46 o. 76 0.66 0.68 0.87 0.86 0. 71 
H20- 0.29 0.03 0.03 0.07 0.09 0.02 o. 18 0.06 0.05 0.05 0.13 0. 21 
Total 97. 19 98.28 9U4 98. 48 98.98 98.54 99.49 98.H 98.31 99.16 97.87 98. 95 
Total Fe as FeO 10.1)2 9.93 10.11 13.85 13.33 13. 87 14. 16 11.97 14. 15 14.76 14. 46 14. 68 
FeO/!FeO+Fe2031 0.91 0.51 0.87 0.82 0.86 0.84 o. 77 0.83 0.68 O.B6 0.82 0. 79 
Di f . Index 24.5S 27.57 25.50 26.53 27.40 27.92 27. 45 25.99 23.68 34.09 33. 84 34. 22 
Col or lnde1 44.15 40.00 41.61 44.34 42.50 4 I. 92 43. 11 45. 13 46.48 41.26 40.39 42.30 
. g I. 80 3.21 0.13 1.13 0.19 
OR 4.5S 4 .14 4.43 4.02 4.55 3.55 4.43 3.90 2.78 6. 20 5.97 7. 80 
PL 45.97 51). 32 51. 66 48, 04 49.98 50.25 49.03 47.63 47.04 48.08 47. 47 4S. 20 
!ABI 18. 19 20.22 21.07 22.51 22.95 24.37 23.02 22.08 2(l. 90 27.75 26. 74 26.23 
IANI 27.78 30.10 30.59 25.54 27. 14 25.88 26.01 25.55 26. I 4 20. 12 20. 73 18.97 
~I 14.99 11. 45 13.0S I 4. 14 I I. 71 13.82 13.64 13.9S 13. 40 12.39 I l . 52 14.24 (WOI 7.63 6.04 6.67 7. 19 S.94 6. 96 6. 92 7.07 6.B9 6. 14 5. 74 7.11 
!ENI 4. 14 4.61 3.80 3.71 J. 11 1.32 3. 60 3.66 4.15 2.3S 2.33 3.01 
IFS) 1.22 0.80 2.5e 3. 26 2.e5 J.54 3. 13 J. 22 2.36 3.89 3. 46 4. 12 
HY 23.97 17.60 19. 22 IO. 14 7. 77 I I. 18 15.69 14.43 20.24 20. 82 19. 73 16.64 
!ENI 13. 47 14. 49 l l. 45 5.40 4.20 5.42 8.39 7.67 12.90 7.B4 i . 93 7.03 
IFS) 10.50 2. 61 7. 77 4.74 J . s ! s. 77 7.30 6.?b 7. 34 12.?8 11.80 9.61 
OL 4.66 10. 42 15. ()7 8.61 4.H 7.96 ri,57 
!FOi 2.67 5.29 7. 77 U6 2.28 3.99 0.35 
!FAl 2.00 S. I 2 7.30 us 2. 18 3.e0 Q, 22 
IH l.35 7.48 I. 94 3. 77 1. 74 3.36 4.81 3.55 1,89 3. 12 3.89 4.55 
IL 3.04 2.1,4 2.98 5. 43 5. IS S. 45 5.62 S.70 5. 30 6. 13 5.85 6. 74 
AP 1),59 0.50 0.54 I. 89 1. 52 0.8S 0.8B 1.26 1. 40 1. 40 1.35 2. 72 
Salic 52.32 S7.67 S6. 10 S2.06 54.53 S3.79 S1. 46 51. S3 49.81 54. ~ I 54.57 51. 19 
Fe1ic 43.94 39. 68 42.40 45.79 43.95 43.29 45. 11 46.7S 47.BO 43.B6 42.34 44.90 
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twelve samples have been plotted on this diagram in Figure 
5. All of the samples are hypersthene normative, and form a 
trend 
field. 
across the olivine tholeiite field into the tholeiite 
Group I I samp 1 es ( 1 , 7, B, 10, 13, and 25) and one 
Group I sample (18) have normative olivine and fall into the 
olivine tholeiite field. Group III samples (29, 33, and 34) 
and the remaining Group I samples (15 and 17) have normative 
quartz and fall into the tholeiite field near the hyper-
sthene basalt boundary. Samples 17 and 25 both have high 
Fe203 contents <>5.0'l.) that will greatly affect the calcu-
lated amount of normative olivine. The CIPW norms for both 
samples were recalculated with the average Fe0/(Fe0+Fe203) 
ratio (0.80) of the other ten samples. Both sets of norma-
t i ve values are represented for the two samples, connected 
by tie lines. The recalculated norm for sample 17 changes 
its classification from tholeiite to olivine tholeiite . 
Comparison of the twelve Curlew Valley basalt analyses 
on an oxide-Si02 variation diagram (Figure 6) shows that 
Group I samples plot separately from the other samples. 
Samples belonging to Group II and Group III show a slight 
enrichment in the oxides Ti02, total iron as Fe0, and Na20+ 
K20, a 3.5% increase in Si02, and a depletion in Al203, Cao, 
and Mg0. Group I basalts differ significantly from Groups 
I I and I I I . This would suggest that Group I represents a 
distinct batch of magma apart from the Group II and Group 
III basalts. 
Nephellne 
Figure 5. 
Cllnopyroxene Quartz 
Alkall-Ollvlne Baaalt Tholellte 
•1 
• Group 
• Group II 
Ollvlne Tholelito • Group Ill 
Ollvlne Hyperathene 
Normative classification (weight percent). Open symbols represent 
samples that have been recalculated using a Fe0/(FeO+Fe203> ratio of 
0.80. 
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Figure 7 is an AFM diagram of the Curlew Valley ba-
salts. The twelve basalt samples plot in their three re-
spective groups along an iron-enrichment trend. Group I is 
the least ferric of the three groups plotting on the 1 ower-
end of the trend. Group III samples show the strongest iron 
enrichment and are more alkalic. Group II samples plot 
midway along the trend with alkali contents comparable to 
Group I. 
In Figure 8 a series of AFM diagrams is presented for 
comparing the Curlew Valley basalts with basalts from the 
surrounding 
Skaer-gaar-d, 
region. 
Thingmuli, 
Also included on Figure 8-9 are the 
and Cascade enrichment trends (Car-
michael, 1964). Rozel Point-Black Mountain lavas (Greenman, 
1982) and three of the Kelton lavas (Voit, 1985) are similar 
to Group II lavas. 
to Group III lavas. 
The other two Kelton samples are similar 
Both Group I and Group II lavas plot in 
the same field as the Snake River Plain lavas (Leeman, 1982) 
along with many of the lavas from the Blackfoot Reservoir-
area (Fiesinger et al., 1 982) . Group III lavas plot in the 
upper end of the Craters of the Moon field <Leeman et 
al., 1976). Though some of the lavas fr-om the eastern Basin 
and Range <Creer-aft et al., 1981; Lowder, 1973) and from the 
Snowville area are similar to Group I, they are generally 
less ferric and more alkalic than the Curlew Valley samples. 
The 
basicity 
quartz, 
differentiation index (0.I.) is a measure of the 
of igneous rocks based on the sum of normative 
or-thoclase, albite, nepheline, leucite, and kalsil--
A 
Figure 7. 
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F 
'
~· 
A II 
•• Y. 
.. 
M 
AFM diagram (weight percent). A equals Na20+K20; 
F equals total Fe as Fe0; and M equals Mg0, 
recalculated to 100 percent. Roman numerals 
indicate the three chemical groups. 
Figure 8. 
F 
¼, ~ 
50 
F 
A~ ____ 1 _____ ..._ ___ 2 ____ __,_ _ ~3;.._ ___ _,M 
F 
~II 
'i~ 
A~----L----~--~5~----~--~e~----~M 
F 
A~ _____ 7 _____ .__ __ a~ ____ ....,.__ _  =9 ____ ~M 
AFM diagrams of representative lavas from Utah 
and Idaho (weight percent). A equals Na20 + K20; 
F equals total Fe as Fe0; and M equals Mg0, 
recalculated to 100 percent. Roman numerals 
indicate the three chemical groups for the Curlew 
Valley basalts. Diagrams: 1) Curlew Valley, 
Utah; 2> Kelton Area, Utah <Voit, 1985); 3) 
Rozel Pt.-Black Mtn., Utah (Greenman, 1982); 4) 
Snowville Area, Utah (Wang, 1985), 5) Blackfoot 
Reservoir Area, Idaho (Fiesinger- et al., 1982>; 
6) Snake River Plain, Idaho (Leeman, 1982>; 7) 
Craters of the Moon, Idaho <Leeman et al., 1976); 
8) Eastern Basin and Range, Utah (Creer-aft et 
al., 1981; Lowder, 1973); 9) Skaergaard, Thing-
mul i, and Cascade enrichment trends (Carmichael, 
1964). 
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ite (Thorton and Tuttle, 
50.0 is considered basic. 
1960). A D. I. value of less than 
D.I. values for the Curlew Valley 
basalts range from 23.68 to 34.22 <Table 4). 
(Fiesinger et al., 1982; Stout and Nicholls, 
Idaho basalts 
1977) have a 
slightly narrower range in D.I. values from 26.0 to 35.0. 
Lavas from the eastern Basin and Range <Lowder, 1973; Cre-
craft et al., 
44.0 to 67.0. 
1981) have even higher values that range from 
The D.I. has been plotted versus Si02 in Figure 9. The 
three groups of Curlew Valley samples plot in distinct 
fields on the diagram. Group II and Group III form a dif-
ferentiation trend with increasing Si02. Samples of Group I 
do not follow this trend having a higher Si02 content and a 
1 ower D. I. , again indicating the lack of a petrogenetic 
relationship with Group II and Group III. 
The iron-enrichment diagram <Figure 10) shows the same 
pattern observed in the D.I.- Si02 diagram. The (Fe+ Mn)/ 
(Fe+ Mn+ Mg> ratio ranges from a low of 0.62 to a high of 
0 . 85. Groups I I and III display one trend with an iron -
enrichment ratio ranging from 0.70 to 0.85. Group I shows 
a separate trend with an iron-enrichment ratio ranging from 
0.62 to 0.65. 
Three hypothetical mantle materials have been used to 
test for possible magma sources of Groups I and II through 
partial melting: 1) pyrolite (Green and Ringwood, 1967); 2) 
spinel lherzolite (Maaloe and Aoki, 1977) ; and 3) 
lherzolite (Carswell, 1980). The percentages of 
garnet 
partial 
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melting required to derive the Curlew Valley basalts are 
Anderson and Sammis (1970) proposed that listed in Table 5. 
at least five percent melting is required for a magmatic 
1 i quid to segregate. Any one of the three theoretical 
source materials can be used to derive the Group I basalts, 
but only pyrolite seems appropriate to derive Group I I 
basalts. As will be discussed in following sections crys-
tal fractionation appears to be the most likely process for 
deriving Group III from Group II basalts, and rare-earth 
element profiles suggest that garnet lherzolite is a prob-
able source material for the Group I and Group II basalts. 
Correlation of Chemistry and Petrography 
There is no systematic relationship observed between 
chemical group and stratigraphic position. However, there 
appears to be a correlation between the three chemical 
groups and 
sections. 
basalt. In 
major petrographic features observed in thin 
The three Group I samples are microporphyritic 
all three samples the olivine crystals show 
extensive alteration to iddingsite and/or bowlingite. Group 
II samples range from microporphyritic basalt to light-gray, 
microgranular basalt. Though iddingsite is present, olivine 
alteration is not as pervasive as with the Group I basalts. 
The plagioclase-phyric intersertal basalt sampled from the 
south side of the Wildcat Hills also has a Group II composi-
tion. The Group III basalts are dark gray, have a micro-
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Table 5. Percentages of partial melting 
requir-ed to der-ive Curlew Valley 
basalts from hypothetical mantle 
materials. 
1 2 3 
Group I 
15 16.23 7.51 5.42 
17 17.98 8.32 6.29 
18 17.05 7.89 5.65 
Group I I 
1 7.32 3 . 67 3.08 
7 9.21 4.62 3.27 
8 16. 14 4.40 3.05 
10 15.93 4.32 2.99 
13 10.76 4.26 2.95 
25 9.87 4.54 3. 14 
1. Pyr-olite <Green and Ringwood, 1967) 
2. Spinel Lher-zolite (Maaloe and Aoki, 1977) 
3. Gar-net Lherzolite (Car-swell, 1980) 
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granular texture and are often pilotaxitic. 
Based on petrographic and chemical analyses, the ex-
posed flow units on the three shield volcanoes are of Group 
II composition. The seven samples collected from the shield 
volcanoes range from a microporphyritic texture to a micro-
granular texture with a light-gray color . Outcrops found 
both north and south of the Wildcat Hills also belong to 
Group 
basalt 
I I. Other than the plagioclase-phyric hyalophitic 
previously mentioned, the outcrops on both sides of 
the Wildcat Hills are predominantly microporhyritic. 
The more primitive Group I composition is represented 
b y the third basalt unit of the volcano situated near the 
Vern Steeds Ranch and by the lower and middle flow units on 
Black Butte. There does not appear to be any other flow 
units with a Group I chemistry. The upper unit of the Vern 
Steeds volcano and the upper flow on Black Butte were not 
analyzed chemically. Both units have a light-gray color and 
microgranular texture and are assigned to Group II. 
Neither of the two basalt units from the possible 
eruptive center west of Black Butte in the southwest port i on 
of the study area were analyzed chemically. The lower unit 
has a microporphyritic texture that most closely resembles 
the Group II basalts. The upper unit has a dark - gray color 
with microgranular texture and is probably a Group I I I 
basalt. No samples were collected from the underlying 
scoria. 
The 1 ower unit of the small butte situated north of 
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Highway 30 is an analyzed microporphyritic basalt belonging 
to Group I I. The upper unit is a dark-gray microgranular 
basalt assigned to Group III. 
Both flow units that crop out along the terrace-like 
escarpment that extends southward from Kelton Junction have 
Group III chemistry. All of the samples from these outcrops 
are dark gray and have a microgranular texture. A sample 
from the upper flow of the small outcrop located on the 
southeast side of Black Butte also is dark gray and has a 
microgranular 
composition. 
texture indicating it too has a Group I I I 
Trace Elements 
Results of the trace element analyses are presented in 
Table 6. For comparison the trace elements <ICPS data) ha v e 
been plotted on scatter diagrams , with each of the trace 
elements plotted versus Rb, and Rb plotted on a separate 
diagram versus Si02 (Figures 11 - 13 ). 
The compatible trace elements Co, Cr, Ni , and V show 
trends suggestive of mineral fractionation (Figure 11). Co 
and Ni partition into spinel group mine~als <Carmichael et 
al . , 197 4) • As mentioned in the petrography section, oli-
vine has spinel inclusions. The observed depletion in these 
compatible elements from Group II to Group III can be ac-
counted for by fractionation of the spinel-bearing olivines 
from a Group II parent magma. 
In the Zn plot the three groups also plot in distinc-
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Table 6. Trace and rare-elements <parts per mi 11 ion) • 
Group [ Group II Group [I [ 
Saaple 15 17 1B 7 B 10 13 25 29 33 34 
!CPS Data 
Ba 496 475 510 515 4B9 449 461, 3B3 378 722 1,71 952 
Co 48 49 49 43 42 49 45 53 52 31, 37 33 
Cr 24B 306 273 97 162 54 48 151 13B 0 0 1 
Cu 65 68 66 61 48 56 70 68 70 50 48 70 
Li 8 12 11 11 14 12 14 II 10 13 12 15 
Nb 22 17 20 SB 39 29 29 37 34 3B 37 44 
Ni 114 130 119 60 70 72 72 78 104 14 11, 21, 
Rb 15 11 13 11 13 12 II 7 6 15 15 20 
Sr 274 296 300 329 347 345 344 331, 291, 334 336 358 
V 220 211 225 288 27B 290 293 316 295 191, 192 191, 
y 34 29 31 51 44 40 41 47 44 51, 55 72 
Zn 99 B4 B5 136 125 116 134 141 125 149 149 16B 
Zr 103 83 94 273 222 130 137 215 1B7 223 214 311 
La 24 21 22 43 33 23 24 30 28 37 36 52 
Ce 46 33 37 82 60 H 43 56 54 71 6B qq 
Nd 31 24 26 56 45 35 36 44 41 52 50 72 
St 7.3 4.9 6.0 10.4 B.B B. I 7.8 9.4 8.9 10.6 10.2 14.8 
Eu 1.7 1.5 1.6 3. I 2.7 2.2 2.3 2.7 2.6 3.2 3.0 4.3 
Dy 4.5 3.8 4. I 7.6 6. 4 5.5 6.0 6.7 6.7 8.4 8.0 I I. 2 
Yb 2.6 2.3 2.4 4.0 3.5 3.2 3.4 3.7 3.6 4.8 4.5 5.9 
XRF Data 
Nb 22±4 18±3 20±5 52±5 36±3 30±3 31±3 41±3 28±2 36±2 41±3 39±3 
Rb 9±1 B±I B±I 13±1 12±2 11±3 13±1 14±1 13±3 15±3 15±1 17±3 
Sr 221±18 270±22 282±23 270±22 287±23 295±24 280±20 256±20 316±22 294±17 316±22 302±24 
y 27±2 27±2 38±2 50±4 46±3 35±6 35±3 50±8 29±2 50±7 62±5 68±5 
Zn 95±2 90±2 90±3 136!4 120±9 120±2 129±2 140±2 125±3 141,±2 152±2 170±1 
lr 120±3 99±5 101±4 270±5 237±4 137±1 140±2 145±7 185±4 237±3 190±1 315±3 
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tive fields, but with an enrichment trend grading from Group 
II towards Group III and Group I plotting below the other 
two groups. This Zn may be in the groundmass magnetite. 
Though Ba, Li, Sr, and Rb are essentially incompatible, 
their large-ion lithophile (LIL) behavior favors parti-
tioning into the feldspars. Enrichment trends are found in 
all four of these elements extending from Group II towards 
Group III basalts, with Group I basalts plotting or 
below Group 
versus Si02, 
I I i n Ba, Li, and Sr (Figure 12). 
with 
With Rb 
Group I plots as a separate field below Group 
I I I. 
The trace elements Nb, Y, and Zr are i ncompatible in 
that they do not partition readily into any of the major 
mineral phases. The three elements cluster with respect to 
the three chemical groups and show an enrichment trend from 
Group II towards Group III (Figure 13). Group I plots below 
the other two groups in a fashion similar to the D.I. and 
i ron-enrichment diagrams (Figures 9 and 10). 
Zirconium does partition strongly into zircon. Zircon 
however, was not observed as an accessory mineral in any of 
the samples during petrographic analysis. There is only a 
small variation between XRF and ICPS data for Zr. If zircon 
was present, !CPS values would be significantly lower since 
zircon does not readily breakdown in the dissolution step of 
the analysis. 
Pearce and Norry (1979) have found that differentiation 
trends for a suite of volcanic rocks can be readily observed 
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13. Incompatible trace-element scatter diagrams 
<parts per million). 
using 
ments. 
Figure 
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variation diagrams based on incompatible trace ele-
Two variations, Y-Zr and Nb-Zr, have been plotted in 
14 to observe the trends between chemical groups of 
the Curlew Valley basalts. The Y-Zr and Nb-Zr <ICPS data) 
variations both show single trends with progressive enrich-
ment from Group I toward Groups II and III The Zr/Y ratio 
ranges 
to 7. 1. 
from 2.9 to 5.3 and the Zr/Nb ratio ranges from 4.5 
The wide range of values in the two ratios along 
the two trends in Figure 14 suggest that the Curlew Valley 
basalts could be attributable to a single source melt but 
with 
noted 
variations occuring within the suite. It 
both 
should be 
that a break in slope occurs with variations 
between Group I and the other two chemical groups. 
Using Zr content as a fractionation index, the Zr/Y and 
Zr/Nb ratios are plotted to examine trends between the 
chemical groups of lavas (Figure 15). Sample 1 has an 
anomalously lower Zr/Nb ratio than the other Group II sam-
ples, and is not considered in the following discussion.Vis-
ually-estimated best-fit lines have been drawn through the 
data points to represent the possible trends. The Zr/Y-Zr 
variation shows divergence in the Group II - Group III data. 
The Zr/Nb-Zr trend however, shows only one fractionation 
trend from Group II to Group III. Group I basalts show a 
slight depletion trend. With both the Zr/Y-Zr and the Zr/Nb-
Zr variation plots it can be seen that Group II and Group 
III basalts follow a separate fractionation sequence apart 
from the Group I basalts. 
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In Figure 16 the Y-Zr and Nb-Zr trends for the Curlew 
Valley samples are compared with the Kelton, Rozel Point-
Black 
(Voit, 
Mountain, Snowville, and Wildcat Hills volcanics 
1985; Greenman, 1982; Wang, 1985; and Shea, 1985). 
The basalts from Rozel Point-Black Mountain and Kelton areas 
plot along the same general trend as the Curlew Valley 
basalts. Snowville lavas plot below the trend of the Curlew 
Valley basalts which indicates a different source melt or 
process. The rhyolites and rhyodacites from the Wildcat 
Hills also depart from the differentiation trend. If 
salic rocks were differentiates from the same source, 
the 
the 
trend would be expected to continue upward from the basalts 
towards the rhyodacites and rhyolites with increasing Nb, Y, 
and Zr contents. Instead, the rhyolites make a sharp verti-
cal rise above the basalt trend with Zr averaging 100 PPM 
and the rhyodacites are scattered below the trend. The 
rhyolite tuffs from the Kelton area fall along the low end 
of the trend and likewise are not products of basalt differ-
entiation. This would support the conclusions of Shea 
< 1985) that the salic rocks of the Wildcat Hills are not 
differentiates of a basaltic magma but rather the products 
of crustal melting induced by the basalt volcanism. 
Nd, 
been 
Rare-earth Elements 
Compositions of the rare-earth elements <REE) La, Ce, 
Sm, Eu, Dy, and Yb for the Curlew Valley basalts have 
normalized to chondrite abundances (Thompson et a 1 • , 
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1983) and plotted in Figure 17. The normalizing factors 
used for the REE are listed along the bottom of Figure 1 7. 
The REE plots have enrichment factors that range from 64 to 
159 for La, and from 10.5 to 29.5 for Yb. The twelve 
samples have nearly parallel sloping profiles. Group I 
basalts have the lowest enrichment factors, 
basalts have the largest enrichment factors. 
and Group I I I 
The relative enrichment in the light REE compared to 
the heavy REE is indicative of low degees of partial melting 
of a garnet-bearing source material (Cox et al., 1979 >, 
owing to the strong partitioning of heavy REE in garnet as 
opposed to other mineral phases. Using mineral/melt distr i -
bution coefficients, Hanson < 1983) investigated partial 
lher-melting of basaltic rocks using garnet-lherzolite and 
zolite as source materials (Figure 18). If the CE/Yb, 
Sm/Yb, and Dy/Yb ratios derived from Hanson's model are 
used for different degrees of batch melting of a garnet 
lherzolite <.55 ol + .25 opx + .15 cpx + . 05 gar), the 
approximate degree of partial melting required to derive the 
Curlew Valley basalts can be evaluated ( i f trace elements 
show Groups II and III are related, 
needed to derive Groups I and II>. 
then partial melting is 
It can be seen in Table 
7 that approximately five percent melting of a garnet lher-
zolite would be required to generate the necessary com-
positions. It should be noted that garnet lherzolite be-
comes more depleted at higher degees of partial melting and 
is fully depleted at about 15 percent. This results in a 
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Rare-earth element ratios computed from Hanson's 
(1983) model for melting of garnet lherzolite and 
ratios of normalized rare-earth element values 
for the Curlew Valley basalts. 
Melt Fraction Ce/Yb Sm/Yb Dy/Yb 
F=O% 15.8 5.3 2.4 
F=5% 2.8 2.3 1. 4 
F=15'1/. 1.2 1.1 1.0 
Group I 
15 4.5 3. 1 1.2 
17 3.6 2.3 1.2 
18 3.9 2.8 1.2 
Group I I 
1 5.2 2 . 8 1.4 
7 4 . 3 2 . 7 1. 3 
8 3.2 2.8 1. 2 
10 3.2 2.5 1. 3 
13 3.9 2 . 7 1.3 
25 3.8 2.7 1.3 
Group I I I 
29 3.8 2.4 1. 2 
33 3.9 2.4 1.3 
34 4 . 3 2.7 1.3 
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more level REE profile at higher degrees of melting <Figure 
18-1 ) . 
Partial melting of a garnet-free source material re-
sults in fairly flat REE profiles and thus it is not con-
sidered a likely process (Figure 18-2) . Melting through 
continuous 
light REE 
or sequential processes usually depletes 
more strongly than the heavy REE and these 
the 
pro-
cesses are not considered likely (Figure 18-3). The trace-
element and REE data do not show any anomalies that would 
suggest that the Curlew Valley basalts are contaminated with 
crustal material. All of the trace and REE contents f al 1 
into the normal 
(Prinz, 1967). 
range of values for tholeiite basalts 
Hanson's model indicates that samples that have p r o-
files with l arge REE enrichment factors are produced from a 
smaller degree of partial melting than samples that ha v e 
profiles with lower enrichment factors. This would suggest 
that the Group I basalts were derived by a larger degree of 
partial melting than the Group II basalts. 
Spider-grams 
Spider-grams have been used to compare continental ba-
salts from different regions and to assess similarities 
within a region (Thompson et al., 1983). The spider-grams in 
Figure 19 have been constructed using minor, trace, and 
rare-earth elements, normalized to chondrite abundances 
(excluding K, P, and Rb) and adjusted to a common endpoint 
Figure 19. 
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Spidergram profiles of selected lavas from the 
Basin and Range Cchondrite normalized>. Pro -
f i 1 es: 1 > Group I I I ; 2 > Group I I ; 3 > Group I ; 
4) SUV83-34, Snowville Area, Utah (Wang, 
1985>; 5> BV81-24, Kelton Area, Utah <Voit, 
1985>; 6) BV81-16, Kelton Area, Utah <Voit, 
1985>; 7) RPV80-06, Rozel Pt . -Black Mtn., Utah 
<Greenman, 1982); 8) Sample 429, Olivine 
Tholeiite, Eastern Basin and Range, Utah <Low-
der, 1973); 9) Sample 467, Alkali-olivine 
Basalt, Eastern Basin and Range, Utah <Lowder, 
1973); 10) Olivine Tholeiite, Snake River 
Plain, Idaho (Leeman, 1982). 
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of Yb equals 10. Adjusting the spidergrams to a common 
endpoint 
lization 
helps reduce the effects of fractional crystal-
phases processes on incompatible-element-free 
(Thompson et al., 1983 > • Since K, P, and Rb are volatile 
elements>their normalizing factors were determined from the 
crustal abundance of each element multiplied by the chon-
drite/crustal ratio of Ti <Sun et al., 1979). 
Three samples representative of the three basalt groups 
from Curlew Valley have been plotted with representative 
profiles of the Kelton, Rozel Point-Black Mountain, and 
Snowville areas <Voit, 1985; Greenman, 1982; Wang, 
1985) <Figure 19) . Also plotted in Figure 19 are representa-
tive profiles for the Snake River Plain and the eastern 
Basin and Range (Leeman, 1982; Lowder, 1973). 
The three Curlew Valley profiles display a typical 
continental 
elements. 
tholeiite pattern, being enriched in the LIL 
All of the Curlew Valley samples have depletion 
troughs in Rb, Sr, and Zr. These three elements are usually 
residual elements until the final stages of crystallization; 
Rb and Sr partition into feldspar and Zr partitions into 
zircon. 
Two samples were selected to represent the Kelton 
1 avas. Sample BVBl-16 has a spider-gram that is representa-
tive of five of the six basalt samples from the Kelton area. 
Sample BVBl-16 also shows a pattern similar to the Curlew 
Valley samples. 
three-pyroxene 
The second sample selected, 
tholeiite from Russian Knoll . 
BVBl-24, is a 
The Russian 
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Knoll sample is more strongly enriched in the LIL elements 
than the other Kelton samples or the Curlew Valley samples. 
Voit (1985) has speculated that this sample may represent a 
contaminated lava. Sample RPVB0-6 was selected to represent 
the basalts from the Rozel Point-Black Mountain area. All 
of the basalt samples from the Rozel Point-Black Mountain 
area have enrichment factors that fall within the range of 
the Curlew Valley samples. The Snowville lavas all have 
nearly identical spidergrams that are represented by SUV83-
34. SUV85-34 has enrichment factors that plot well above 
those of the Curlew Valley lavas and has a profile that does 
not show much similarity to any of the other samples in the 
region. 
The spidergram representing the Snake River Plain has a 
profile similar to that of the Curlew Valley samples al-
though it does not show enrichment in the LIL elements. The 
two spidergrams representing the eastern Basin and Range 
(sample 429, an olivine tholeiite, and sample 467, an alk-
ali-olivine basalt>, both have profiles that are quite dis-
similar to the Curlew Valley basalts. 
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CONCLUSIONS 
The Curlew Valley basalts form a hypersthene-normative 
ser i es ranging from olivine thole i ite to tholeiite. With 
respect to major element chemistry, the basalts are somewhat 
similar to olivine tholeiites of the Snake River Plain and 
Blackfoot Reservoir area in Idaho. Other basalts of the 
eastern Basin and Range are typically more alkalic. 
The basalts of Curlew Valley can be subdivided into 
three distinct chemical groups. Gr-oup I basalts have the 
highest Si02 (49.60%), Al203, MgO, and CaO contents and the 
lowest 
Gr-oup 
Ti 02, MnO, P205, alkali, and total Fe contents. 
I I I basalts have an average Si02 content of 48 .2 6 
percent. Group III basalts are highest in Ti02, total Fe, 
MnO, alkalis, and P 2 05 contents and lowest in Al20 3, MgO, 
and CaO. Group II basalts are olivine tholeiites which are 
1 owest in Si02 (46.28%), but have an overall composition 
that falls between Group I and Group III . Comparison of 
major oxides and trace elements indicates that Group II and 
Group III basalts form a differentiation sequence, 
the Group I basalts are chemically distinct. 
and that 
Depletions in MgO, Co, Cr, Ni, and Vindicate that 
significant spinel-bearing olivine fractionation may account 
for the Group II to Group III basalt transition. 
trends from Group II toward Group III occur in Ba, 
and Rb indic~ting their progressive enrichment in 
Enrichment 
Sr, Li , 
feldspar. 
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Incompatible-element <Nb, Y, Zr) variation plots indi-
cate that the three chemical groups follow a single trend. 
The compositionally similar basalts from the Kelton and 
Rozel 
trend. 
Point-Black Mountain areas also plot along this same 
Basalts from these two areas are probably related 
genetically to the Curlew Valley basalts. Snowville basalts 
however, do not appear to be compositionally similar, and 
appear to be unrelated to the basalts of the study area. 
Incompatible-element variation plots also show that the 
salic lavas in the area are not differentiation products of 
basa l t. 
Based on the Zr/Nb ratio plotted on a Zr index, Group 
II and Group III basalts are related by fractionation; 
Group I basalts are unrelated. In a similar manner , 
the 
the 
Zr/Y ratio displays groups II and III as related by a sepa-
rate trend distinct from the Group I lavas. 
The REE profiles suggest that the basalts were derived 
from a garnet-bearing source material. Assuming Group I 
basa ~ts most closely represent the most primitive composi-
tion , they can be derived through about five percent melting 
of a garnet lherzolite. 
Based on correlation between chemistry and petrography, 
the basalt units observed in the field have been assigned to 
the t hree chemical groups. Group I chemistry is limited to 
the lower basalt units erupted from the volcano near the 
Vern Steeds Ranch and to the two lower flows on Black Butte. 
Group II chemistry is represented by numerous outcrops in 
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the study area which overlie Group I lavas. All of the 
eruptive centers identified appear to have generated lavas 
of Group II chemistry. Group III chemistry is represented 
by many of the outcrops in the southwest portion of the 
area. 
Contacts observed in the field between Groups I and II 
and between Groups II and III do not appear to represent a 
long hiatus. The contacts between flow units of differing 
chemical designations are usually represented by a thin 
lateral parting between vesicular and massive horizons. No 
major erosional features, interbedded sediments, or pyro-
elastics appear between the flow contacts. 
Based on the field, petrographic, and chemical data 
presented in this study, the following eruptive sequence is 
proposed for the volcanic rocks in Curlew Valley: 
1. Extensional tectonics during the Pliocene coupled 
wit h a shallow crust-mantle boundary provided a physi-
cal condition that allowed upward migration of a basal-
tic magma to occur. 
2. Volcanic activity commenced along the southwestern 
margin of the valley. This stage is represented by the 
volcano near the Vern Steeds Ranch which produced flows 
of Group I composition. 
3. Following a short hiatus, volcanic activity resumed 
on the southwestern margin of the valley. Concur-
rent 1 y, new eruptive centers developed in the central 
portion of the valley and three shield volcanoes formed 
79 
on the southeast margin of the valley. The lava out-
pourings of this stage (Group II) are of a second batch 
of ascending magma. 
4. Following outpourings of Group II lavas, development 
of the Wildcat Hills commenced. This stage was marked 
by the formation of rhyolite domes and rhyodacite 
flows. 
melting 
magma. 
The salic lavas were the derivatives of partial 
of crustal rocks by an underlying basaltic 
5. Additional outpourings of a more fractionated basalt 
<Group 
valley. 
I I I ) occur along the southwest margin of the 
Whether or not Group III lavas erupted dur i ng 
or following the development of the Wildcat Hills is 
unknown. 
6 . Major volcanic activity eventually subsided. Small 
cinder eruptions may have persisted in this terminal 
period of activity as suggested by the youthful appear-
ing cinder which caps the vent on the northeast side of 
Cedar Hill. 
7. Extensional tectonics continued after the period of 
volcanic activity causing most of the lava flows to be 
downfaulted and overlain by continental and 
sediments. 
lacustrine 
Anderson, A. L., 
eastern Cassia 
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Plate 2. Detailed map of the basalt outcrops in the southwest portion of the stud)! 1 ir ~ a in Curlew Valley (Box Elder Co.), Utah. 
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B 
Quaternary tac ·u-etflne Oepoalta 
Chiefly clay or allt depo1lta of Lake Bonneville, w i th 
minor al-tuvlal, eotluvlaf, ·and aeolian depoalta . 
GJ 
Quaternary Gravels _ 
Gravel dapoalta of all kinda with 1ubofdlnate aand. 
ellt. and clay. 
G 
Tertiary Baaalt 
M.-dlum- to dark-pray to dark-br-own lava flowa, 
with aultO't'dfflWtw - 1rcn:rrta, ctnd•r, and volcanic 
·br•ccla. la1afta range In compoaltton from 
ollvlna ttlolellte to tholellta . 
EJ 
Tertiary &alt Lake Group 
Explanation 
An aaaamblage of tuffa. luflaceoua aandatonea. 1halea, 
conglomerate•, and laouetrtne llmeetonea . 
Chemical Group Oealgnatlon 
01 Ba.sail Flowe 
B 1 O' - 14' thick 
Ill 
A 9' - 22 ' thick 
II 6' - 18' thick 
C 8' - 12' thick 
I B 8' --8' thlc k 
A 8' thtc k 
• 
Symbols 
Contact 
Oa.ahed where aurflclal. 
Intact Baaall Outcrop 
Oaahed where dlacontlnuoua . 
Eruptive Canter 
• 17 
Sample Collec:tlon Site 
Baealtlc Dike 
Scale 1: 12,000 
feet 1000 0 1000 fe•t 
------ -
meters 300 0 300 meters 
- - -
- - -
Contour Interval 100 Feel 
mean datum aea level 
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